Abstract This study was performed to determine the effect of the addition of Laurus nobilis L. essential oil (EO) (at 0.01% v/v) and of the packaging material (brown and transparent glass or PET) on the oxidative stability of Algerian extra-virgin olive oil (EVOO) stored for 90 days at 25 ± 2°C under continuous exposure to fluorescent light (* 900 lux). Control and enriched EVOO was analysed after 30, 60 and 90 days for various parameters. Bio-enrichment of EVOO with EO combined with packaging in brown glass enabled maintenance of the highest amounts of chlorophyll and carotenoids after 90 days of accelerated photo-oxidation. The lowest total phenols content was found in EVOO without EO packed in transparent glass. EO enrichment and brown packaging preserved higher levels of antioxidant activity but could not preserve the oxidation indices until the end of the period of light exposition.
Introduction
At present, consumers have an ever-increasing awareness of the importance of maintaining a healthy lifestyle by consuming foods without unsafe additives, such as preservatives, artificial flavours and colouring agents. At the same time, both industry and consumers are interested in food products with a long shelf-life.
Virgin olive oils are valuable vegetable oils extracted from fresh and healthy olive fruits (Olea europeae L.) by mechanical or other physical processes performed in conditions that should not lead to any chemical change. Specific quality and purity criteria for the different categories of virgin olive oils are established by the International Olive Council, with the most restrictive quality criteria being set for extra-virgin olive oil (EVOO).
Olive oil is highly consumed throughout the world, and its consumption has been reported to have potential protective effects against several pathologies, especially those related to cancer (Fernández-Arroyo et al. 2012) .
Unfortunately, due to EVOO's unsaturated fatty acid profile, one of the most severe quality problems of EVOO is its oxidative rancidity due to oxidation of unsaturated fatty acids that react with singlet oxygen (1O2) produced by the photo-oxidation of olive oil in the presence of photosensitizers (such as chlorophyll) and the subsequent formation of fatty acid hydroperoxides and carbonyl compounds that possess unpleasant tastes and odours (Piscopo and Poiana 2012) .
Beyond olive oil's chemical composition, the susceptibility of olive oil to oxidation also depends on its processing, the packaging material used to store it (such as plastics, glass, and tin), storage conditions (such as light exposure and temperature) and duration of storage and exposures. Recent studies (Rizzo et al. 2014; Serrano et al. 2016) have shown that olive oil is highly susceptible to photooxidative degradation when stored in PET bottles and exposed to different intensities of fluorescent light and daylight. Protection against light and addition of appropriate natural or synthetic antioxidants are necessary to preserve olive oil from oxidation. Antioxidants can, in fact, increase shelf-life of food products by retarding lipid oxidation (Djenane et al. 2016) , and the addition of a natural preserving additive can be exploited to retain product safety and quality for long periods of time. For example, Esposto et al. (2015) investigated how adding an olive phenolic extract affected the quality of vegetable oils during frying.
Aromatic plants are known to show antioxidant activity; particularly, their essential oils have been used since ancient times in food flavouring, pharmaceuticals, cosmetics and perfumery. Essential oils from aromatic plants, such as rosemary, thyme and laurel, have been reported as being capable of protecting olive oil from thermal oxidation (Ayadi et al. 2009; Sousa et al. 2015) .
The aim of the present work was to advance current knowledge of how adding laurel EO to flavoured EVOO and packaging materials used to package EVOO may influence oil preservation. Therefore, this study investigated the potential for how enrichment of EVOO with Laurus nobilis essential oil in combination with using particular packaging materials (PET and glass, transparent or brown) might preserve oxidative status, antiradical activity and content of pigments under accelerated exposure to light.
Materials and methods

Raw materials
Commercial L. nobilis EO, which was obtained through hydro-distillation and certified as 100% organic, was purchased from Florame Aromathérapie (St Rémy de Provence, France). The oil was maintained in glass opaque flasks at 4 ± 1°C and was characterized for its chemical profile by GC-MS analysis and for its free radical scavenging activity by the DPPH assay.
EVOO was collected from industrial oil mills during the 2014/2015 olive-oil year from the Chemlal variety in the province of M'Chedallah region, located on the southern slope of the Djurdjura mountain chain (North-Center, Algeria: 440 m (average) of altitude) at geographic coordinates Latitude 36°21 0 56 00 (North), Longitude 4°16 0 16 00 (East). EVOO was characterized for free acidity, peroxide value (PV), coefficients of specific extinction at 232 and 270 nm (K232 and K270), chlorophyll and carotenoids content, total phenols content and free radical scavenging activity (through using the DPPH assay).
Accelerated oxidation study
Different EVOO samples were prepared to assess how EO addition and packaging type might influence the oxidative stability of oil subjected to conditions causing accelerated oxidation. EO was added to EVOO at a 0.01% (v/v) ratio. This dosage had been selected through preliminary sensory trials (data not shown) with six different levels of EO addition from 0.01 to 1%. A group of 15 experienced and official tasters participated on a voluntary basis and were asked to identify and define the sensory appearance of the olive oil samples using Annex XII of EU Commission Regulation (1991) EEC/2568/91.
Aliquots of 200 mL of EVOO were dispensed into 250 mL bottles of different materials: transparent (clear) polyethylene terephthalate, TPET; brown (amber) PET, BPET; brown (amber) glass, BG; and transparent glass, TG. TPET and BPET were supplied by Pro.Form Packaging, Sétif, Algeria, TG and BG were supplied by Groupe ENAVA -Entreprise Nationale des Verres & Abrasifs, Spa, Algeria. PET bottles were cylindrical with a body diameter of 5 cm. The TG bottle was cylindrical and measured 5.5 cm in diameter, while the BG bottle had a square base of approximately 5 9 5 cm.
For each type of oil (with and without EO) and packaging material, one hermetically-sealed bottle was used at each sampling time (Caponio et al. 2013) . Each bottle was exposed horizontally to a continuous fluorescent light intensity of 900 lux (cool white fluorescent tubes, OSTRAM-L 40 W/19-1, Germany, placed 90 cm above samples) for 90 days at 25 ± 2°C. The bottles were rotated every 24 h to minimize possible temperature abuse and differences in light intensity at the surfaces of samples.
After 30, 60 and 90 days, EVOO samples were analysed as indicated for the original EVOO.
Analysis of essential oil
EO was characterized by gas chromatography-mass spectrometry (GC/MS) analysis using a Hewlett-Packard 6800 series GC system (Agilent Technologies) coupled with a quadrupole mass spectrometer (model HP 5973) equipped with a non-polar HP5 MS capillary column (5% phenyl methyl siloxane, 30 m 9 0.25 mm, 0.33 lm film thickness) (Centre de Recherche en Analyses Physico-chimiques, Algiers, Algeria). For GC/MS detection, an electron ionization system with ionization energy of 70 eV was used over a scan range of 30-550 atomic mass units (amu). Helium was the carrier gas at a flow rate of 0.5 mL/min. Injector and detector MS transfer line temperatures were set at 250 and 280°C, respectively. The temperature of the ion source was 230°C. The column temperature was initially kept at 60°C for 8 min, where it was subsequently gradually increased to 280°C at 2°C/min and finally held isothermally for 30 min. The volume of injections was 0.20 lL of a hexane-oil solution, injected by splitless mode.
Retention indices of all of the constituents were determined by the Kovats method. Identification of the components was conducted by visual interpretation, comparing their retention indices and mass spectra with data published in the literature (Adams 2001 ) using the Wiley 7N, NIST 02, and NIST 98 libraries. The results were also confirmed by the comparison of retention indices relative to C7-C29 n-alkanes assayed under the same conditions as EO. The composition percentage of the EO (as % of the identified compounds) was computed by the normalization method from the GC peak areas, calculated as the mean value of two injections from EO.
Free radical scavenging activity of EO was measured by the 2,2-diphenyl-1picryl-hydrazil (DPPH, from Alfa Aesar, Ward Hill, MA, USA) assay according to the method reported by Sahin et al. (2004) using Butylated hydroxytoluene (BHT, supplied by Sigma, St. Louis, MO, USA) as a reference lipophilic antioxidant compound. For the analysis, different concentrations of EO and BHT into ethanol were prepared and tested to evaluate the IC50 index, that is, the concentration (mg/L) required to inhibit 50% of DPPH radical formation.
Analysis of virgin olive oil Oxidative status
The acidity (free fatty acids expressed as a percentage by weight of oleic acid), the peroxide value (PV, expressed as mEq O 2 /kg, milliequivalents of active oxygen per kg) and extinction coefficients at 232 and 270 nm (K232 and K270) were determined to evaluate EVOO's oxidation. The analytical methods described in the European Union Commission Regulations (1991) EEC/2568/91 were adopted.
Chlorophyll and carotenoids contents
Chlorophyll and carotenoids content was determined as described by Minguez-Mosquera et al. (1991) . Olive oil was diluted with hexane, and its absorbance (in 1 cm cell) was read at 670 nm (chlorophyll fraction) and at 470 nm (carotenoid fraction). The specific extinction coefficient (100 mLg-1 cm -1 ) of 613 for pheophytin (the major component of chlorophylls) and of 2000 for lutein (the major carotenoid) was later used to calculate the pigments content as mg/kg.
Total phenols content and free radical scavenging activity
Total phenols content (TPC) of EVOO samples was quantified based on the Folin-Ciocalteu assay according to the procedure described by Gutfinger (1981) . The results were expressed as mg of gallic acid equivalents (GAE) per kg of olive oil by means of a calibration curve obtained from a gallic acid standard (supplied by Sigma, St. Louis, MO, USA).
Free radical scavenging activity was determined through DPPH assay according to the procedure described by Kalantzakis et al. (2006) . EVOO samples were diluted in ethyl acetate (10% w/v) and analysed. The radical scavenging activity was expressed as the percent reduction in DPPH absorbance (RSA%).
Statistical analysis
All of the analytical determinations were performed at least in triplicate, and the results were expressed as the mean ± standard deviation of the replicates.
The effect of EO addition, packaging type, storage time and their first-and second-order interactions with the evaluated parameters were assessed by three-way ANOVA using STATISTICA software version 6. Differences were considered significant at p \ 0.05. In the case of a significant difference, the means were discriminated by applying Tukey's post hoc test at a 95% confidence level.
Results and discussion
Analysis of essential oil
GC/MS analysis of L. nobilis EO permitted identification of 45 compounds corresponding to 99.46% of the revealed constituents (Table 1 ). The predominant fraction of 71.6% consisted of oxygenated monoterpenes. The major components were 1-8 cineol (39.69%), camphene (14.21%), sabinene (10.05%), -pinene (6.72%), linalool (6.08%), methyleugenol (3.7%), terpinen-4-ol (2.95%), linalyl propanoate (2.44%) and eugenol (1.34%). This composition is highly similar to the composition of L. nobilis EO reported by Da Silveira et al. (2014) .
Mediouni Ben Jemâa et al. (2012) techniques might play important roles in the chemical characterization of EO, influencing the proportions of the main constituents. Radical scavenging activity of L. nobilis EO tested by using the DPPH assay showed an IC 50 of 24.73 ± 0.42 mg/L, which was close to the IC 50 of 27.99 ± 0.66 mg/L that was measured for the reference lipophilic antioxidant BHT. Antioxidant activity of EO from aromatic plants is primarily attributed to the active compounds present in the highest amount in EO but also to the presence of minor constituents, which may act synergistically. For example, eugenol, methyleugenol and elemicin (1.34%, 3.7% and 0.07% of our EO, respectively) are reported to play important roles in antioxidant effectiveness (Park et al. 2003) .
1,8-cineol, the main compound identified in our L. nobilis EO, exhibited a higher antioxidant activity in soybean oil (Maestri et al. 1997) .
The composition analysis and DPPH results suggest that our EO could be used as a potential source of natural antioxidants for lipid food systems.
Accelerated oxidation study
Initial oil showed the following chemical profile: acidity 0.28 ± 0.01%; PV 2.50 ± 0.21; K232 2.23 ± 0.07; K 270 0.14 ± 0.00; total phenols 1036.72 ± 0.26 mg GAE /kg; total carotenoids 1.55 ± 0.02 mg/kg; chlorophylls 2.60 ± 0.07 mg/kg.
Statistical analysis (Table 2) revealed that there was a three-way interaction between addition of essential oil, storage time under fluorescent light and packaging type in all of the evaluated parameters except for K 232 . Additionally, the effects of single factors, and of both their firstorder and second-order interactions were significantly influential, except for the interaction of EO with packaging type with regard to content of carotenoids.
Oxidative status
The results for acidity, PV, K232 and K270 in all the EVOO samples at 30, 60 and 90 days of accelerated photooxidation are reported in Table 3 .
Acidity of all the EVOO samples always remained below the 0.8% limit set by the EU (2013) Reg. 1348/2013 for extra-virgin olive oil. However, this parameter increased during the study, showing development of rancidity as the result of free fatty acid hydrolysis (Yildirim 2009 ) in agreement with previously reported results. In fact, Guil-Guerrero and Urda-Romacho (2009) reported that several extra-virgin olive oil varieties bottled in dark or transparent glass for 1 year experienced increased acidity throughout their storage. Pristouri et al. (2010) observed that the acidity of olive oil was affected by the packaging material, head space, oxygen, light transmission, temperature and storage time (12 month). Further, Fadda et al. (2012) measured an increased acidity in olive oil extracted with traditional or innovative technology, bottled in dark glass bottles and stored in the dark at a temperature of 20°C. In contrast, Savarese et al. (2013) reported an almost-constant increase in acidity for extra-virgin olive oil bottled in red or transparent PET and kept in dark or light (300 lux) conditions during prolonged periods of storage (12 months).
Addition of EO showed a protective effect. In the enriched samples acidity started increasing only after 60 days, showing an increased time required for oxidation induction. This finding agrees with the findings from the study by Sousa et al. (2015) , who found that flavouring olive oil with dried red chili pepper, laurel and oregano spices (enrichment level of 10 g/L of olive oil) did not significantly increase acidity, while the addition of fresh garlic induced a significant increase from 0.6 to 0.8% after 3 months of storage at room temperature (where it was also protected from light exposure and in a static position).
PV increased during storage, but it always remained below the limits set by the EU Regulation (2013) 1348/2013 for extra-virgin and virgin olive oil (20 mEq O2/kg). However, PV did not follow the same trend as was Table 2 Results of a three-way ANOVA for the influence of essential oil addition (EO), storage time (time), packaging type (Pack) and their first-and second-order interactions on the composition of each bottle of oil observed relating to acidity (Table 3 ). In fact, the brown packaging reduced formation of peroxides in both in plastic and glass, suggesting, in this case, that light has a higher catalysing effect compared to oxygen (PET is more permeable to oxygen than glass) on the reactions leading to formation of peroxides. Del Nobile et al. (2003) showed that while glass containers can completely prevent oxygen permeation, PET is only able to slow down the oxygen exchange, which may invalidate the reliability of PET as a competitor for glass containers in storing olive oil. Rizzo et al. (2014) , found that the PV of a monovarietal EVOO packed in PET did not significantly increase over 120 days of storage in the dark or under one fluorescent lamp, whereas storage conditions that accelerated light exposure, such as exposure under 4 fluorescent lamps, caused PV to increase. Under this condition, coloured PET exhibited a higher ability of light shielding than clear PET that lead to lower levels of PV. Pristouri et al. (2010) reported that the PV of EVOO bottled in clear PET and stored under fluorescent light increased from 12.92 ± 0.44 to 20.61 ± 0.20 after 12 months. Kanavouras and Coutelieris (2006) found that plastic containers had a particularly strongly protective role when oil was stored in light; PET provided better light transmission resistance with respect to transparent glass, thereby offering greater protection in the presence of light. The specific extinction coefficients (K232 and K270) allow evaluation of the degree of olive oil oxidation, indicating the presence of conjugated dienes (K232) and trienes systems (K270), which are both related to oxidation reactions. According to legislation for EVOO, K232 must be lower than 2.5 (2.6 for VOO), and K270 lower than 0.22 (0.25 for VOO). In our study K232 was always above the legal limit, except for the control sample at time zero, while K270 remained below the legal limit only in those samples enriched with EO.
The conjugated dienes systems increased slightly after 30 days of light exposure and later remained constant in every sample, showing that there was no effect with respect to EO, material and time of exposure. This finding indicates accumulation of primary oxidation products and negligible compared to the formation of secondary products, which is characteristic in the initial phase of oxidative degradation. Different results are reported in the literature. Asensio et al. (2013) reported that the incorporation of essential oils of oregano spices into olive oil resulted in an increased K232 after 126 days of light exposure. Samaniego-Sanchez et al. (2012) found that storing olive oil in the dark at room temperature (20°C) or refrigerated temperature (4°C) and in different containers (glass, PET, and Tetra-Brik) resulted in an increased K232.
In contrast, the K270, which indicates conjugated trienes (primary oxidation products) but also carbonyl compounds (secondary oxidation products), increased significantly in all of the samples. Olive oil with EO stored in brown PET and glass showed the lowest increase, while the highest increase was found in olive oil without EO stored in transparent PET. The increase in carbonyl compounds is due to the primary oxidation product's evolution into secondary oxidation products (such as the formation of hydroperoxides), and the results clearly show that EO establishes an inhibitory effect. Table 4 reports the variation in the concentration of pigments during the accelerated oxidation test. Generally, both chlorophyll and carotenoids decreased significantly in all the samples, and enrichment with laurel EO provided a certain (but not always significant) level of protection against degradation of pigments.
Chlorophyll and carotenoids contents
The use of brown packaging allowed a reduction in degradation of pigments in both PET and glass bottles. However, the best solution for protection of pigments appeared to be presence of brown glass, which is a barrier to both light and oxygen, which are both involved in reactions causing degradation of pigments. Another study (Gargouri et al. 2015) carried out on olive oil exposed to light showed a significant decrease in the content of chlorophylls and carotenoids in oil samples. In agreement with our results, Guil-Guerrero and Urda-Romacho (2009) reported that reduction of chlorophylls and carotenoids was higher in TG bottles than BG bottles stored in the dark for 1 year, with chlorophylls remaining constant in the BG bottles, while they were diminished in TG bottles. Caponio et al. (2005) also found that chlorophylls completely disappeared in oils stored in TG bottles and under diffuse light for 12 months at 15°C in winter and 25°C in summer.
Chlorophylls play an important role in oxidative stability. The presence of pigments not only determines the green colour of the product that varies from yellow-green to green-gold but also plays an additional function of demonstrating an increased pro-oxidant power in light exposure, and an antioxidant power against auto-oxidation processes when in the dark (Oueslati et al. 2009 ). In our study, it was not possible to identify any clear correlation between chlorophylls and oxidation, even though their residual presence in all the samples may have contributed to the increase in PV, acidity and K270, despite the EO enrichment and brown or glass packaging.
Total phenols content and free radical scavenging activity
The initial TPC of EVOO was 1036.72 ± 0.2 mg GAE /kg. The TPC of an olive oil is influenced by agronomic and environmental factors, the extraction system and the olive Monaco et al. (2015) , for example, reported the following TPC of Italian olive oil: 1030 ± 14 mg/kg and 290 ± 35 mg/kg for Lavagnina cultivar (300 m and 50 m of altitude, respectively); 490 ± 18 mg/kg for Taggiasca cultivar; and 2180 ± 69 mg/kg for Gentile di Larino cultivar. Table 4 shows the changes in the TPC of the oil samples during the accelerated oxidation study. As expected, the TPC decreased during storage in both oils (with and without EO), but enrichment with laurel EO clearly showed a protective effect in original TPC against oxidation with regard to all of the packaging materials, confirming that the measured antiradical activity of EO can play an effective and protective role in olive oil. On average, the TPC of the oil with EO was two time that of the oil without EO at same time and packaging type.
The use of a brown bottle better preserved the phenolic content. This effect was more marked for glass, while for PET, this holds only in not EO enriched samples, suggesting also the involvement of oxygen permeation in the degradation processes of phenols. The role of light and oxygen in TPC degradation was demonstrated in other literature studies (Gargouri et al. 2015) , which investigated TPC of olive oil exposed to light and packed in different containers showing that tin container, stainless and dark glass bottles recorded a smaller reduction in TPC compared to clear glass, earthenware jars, PET and PE containers.
Our results agree with the findings of previous workers. Rizzo et al. (2014) also found that the TPC of olive oil stored for 120 days at room temperature (23 ± 2°C) in transparent PET (clear, green, orange) and opaque PET (white and blue) under different fluorescent lighting conditions decreased, with opaque PET allowing for the highest TPC. Contrastingly, our results disagree with those of Sousa et al. (2015) , who reported that the incorporation of different flavouring agents (garlic, hot chili peppers, laurel, oregano and pepper incorporated dried as were 10 g/L) did not show any protective effect against oxidation of olive oil stored during 3 months at room temperature in the dark which suggests a higher efficiency of essential oil compared to dried herbs. Additionally, Ayadi et al. (2009) observed that enrichment of Tunisian olive oils with selected Tunisian aromatic plants (rosemary, lavender, sage, menthe, basil, lemon and thyme, 5% w/w by maceration of flesh material) did not protect TPC from thermal oxidation (storage in glass bottles at 60 and 130°C for 55 days and 6 h, respectively). Nevertheless, Khemakhem, et al. (2015) found that maceration of citrus zests in olive oil contributed to the increase in the TPC but that after storage at 60°C for 40 days, the rate of degradation of TPC was higher than in the oil that was not additionallyflavoured. All of these finding suggest a higher efficiency of essential oil compared to dried herbs or whole fresh aromatic plants.
The antioxidant activity of the different oil samples followed essentially the same trend of the TPC. Figure 1 clearly shows the correlation between the TPC and % DPPH independent from EO addition, packaging material and storage time. The graph suggests that an overall, nonspecific degradation of the phenolic compounds occurred in the TPC present in the samples, with a slightly lower efficiency of the compounds present in the enriched oil. This result can be attributed to the presence of the bioactive compounds, 1-8 cineol, camphene, sabinene, pinene, linalool methyleugenol terpinen-4-ol, linalyl propanoate and eugenol (Table 1) , which are reported to serve as natural inhibitors of oxidation.
Ben Rached et al. (2014) reported that the aromatization of Zalmati olive oil with the EO of Rosmarinus officinalis L. improved its antiradical activity. On the opposite, Baiano et al. (2009) observed that in olive oils enriched with herbs and spices (lemon, oregano, hot pepper, and rosemary) and stored in BG bottles at room temperature for 9 months, the antioxidant potential (according to the bcarotene bleaching assay), significantly decreased compared to unflavoured oil or olive oil with garlic. However, Baiano et al. (2009) added fresh or dried plant material to olives before pressing, which might have been less efficient than the addition of EO to pressed oil.
Conclusion
These results show a significant interaction of addition of essential oil with storage time under fluorescent light and packaging type on the evolution of extra-virgin olive oil in terms of oxidative indices, pigments and total phenols content and antioxidant activity. As expected, adding EO, even though at a very low level (0.01% v/v) and packaging in brown containers (especially glass) enabled maintenance of the highest amount of chlorophylls and carotenoids after 90 days of accelerated photooxidation, such as the highest total phenols content. The last result correlates highly to the antiradical activity of oil. However, EO enrichment and brown packaging could not preserve oxidation indices (PV, K232 and acidity), with the exception of K270, throughout the accelerated oxidation test, probably due to a pro-oxidant effect given by the residual content of chlorophylls. The results suggest that the quality preservation of olive oil can be only partly affected by the addition of EO and that the selection of a packaging with a well-defined barrier for both light and oxygen is necessary to preserve its quality. BPET could be a valid commercial packaging solution for EVOO, but further studies are required to determine the exact correlation between accelerated light exposure and shelf life under normal conditions.
